Dicode pulse position modulation (PPM) is a new modulation format that offers improved sensitivity over digital PPM but at a reduced line-rate. This Letter considers, for the first time, the spectral characterisation of the dicode PPM modulation format and presents original expressions for predicting both the continuous and discrete spectrum.
Introduction: Recent studies [1, 2] have shown that dicode pulse position modulation (DiPPM) offers a sensitivity improvement of 7.5 dB and 2.4 dB over equivalent PCM and digital PPM systems respectively, but at a significantly reduced line rate in comparison to the latter. This makes the DiPPM modulation format particularly attractive for both optical fibre and optical wireless communication sytems. Although a spectral characterisation has been presented for digital PPM [3] , an evaluation of the power spectral density (PSD) for DiPPM has yet to be addressed. This issue is particularly important since the information is not only conveyed by the presence and absence of the pulse but also by its temporal position. In this Letter, a spectral characterisation of DiPPM is presented for the first time. Use is made of the cyclostationary properties of the pulse stream and original expressions derived for predicting both the continuous and discrete spectrum. It is shown that discrete components are available at the DiPPM frame repitition rate that can be used for synchronisation purposes and that the continuous spectrum has a lower low-frequency content than PCM making it more attractive for optical wireless applications.
Spectral Characterisation: Several techniques are available for determining the PSD of a cyclostationary process including one previously reported by the author [3] . The approach adopted here is that outlined in [4] 
where is the equivalent PCM bit-period. 
Results: In order to validate the analytic results of (1) and (2), the PSD of DiPPM was evaluated numerically using the Fast Fourier Transform. Full width pulses were assumed and the equivalent PCM bit period set to 1 second. A sampling rate of 128 Hz was used and 100 FFT's were averaged in order to decrease the noise due to the randomness of the data sequence. Fig. 1 compares the values of the DiPPM discrete spectrum, evaluated by Eqn. 1, to that determined using the FFT, at multiples of the DiPPM frame-rate. The results demonstrate that there is a strong discrete line at the DiPPM frame-rate and so this can be extracted for synchronisation purposes directly from the pulse stream. The numerical and analytical results are in excellent agreement so confirming the validity of Eqn. 1 for predicting the discrete spectrum of DiPPM. Frequency (normalised to frame rate)
